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GAMMA-10 end plasmas have several advantages in 
making plasma materials interaction experiments comparing 
linear plasma devices such as high ion energy with Maxwell
distribution and presence of a high magnetic field. Erosion 
and material migration have been studying in the unique 
device. These results are valuable for material migration 
modeling and validation of atomic data in plasmas.  
In this study, chemical sputtering of graphite and local 
transport phenomena of carbon atoms together with high Z 
atoms are investigated. Graphite and Mo samples were 
installed at the E-divertor test section with a sample surface 
tilted 45 deg from magnetic lines of force. Erosion flux of 
carbon and Mo will be measured by a framing camera with 
an appropriate spectral line filter. We also employed 
spectrometer to observe lights emitted from eroded atoms 
from the samples. Roof limiter used in this study is shown 
in Fig. 1, which was installed at the top of V shaped divertor 
test modules and exposed to plasma only this study. 
Fig. 1   Sample holder for this study. No heating device is 
attached.
Near the lower carbon plate, spectrum of emission 
light was observed. The result is shown in Fig. 2. This 
spectrum was observed in a ICRF heating phase (no ECR 
heating). Most strong lines are seen around 360 nm, 
Fig. 2  Emission spectrum from plasma near the carbon target
370~390 nm, and 430 nm. According to the spectrum table, 
these lines are probably those from Cr and Fe atoms. These 
candidate lines are shown below.
Cr㸸
Cr I 㸸 3578.682 (1000), 3593.481 (800), 3605.320 (600),
4254.331 (1000), 4274.806 (800), 4289.733 (500) 
Fe㸸
Fe I 㸸 3719.935 (600), 3734.864 (700), 3737.132 (600),
3745.5613 (600), 3748.2622 (300), 3749.4854 (400),
3758.2329 (300), 3820.4253 (500), 3859.9114 (500),
3886.2822 (300), 4045.8125 (300) 
MoI line should appear around 390 nm, but this is not clear.
Most of first walls of GAMMA10 is made of stainless steel, 
which contains Fe and Cr. These ions migrate along plasma 
flow to the target, then re-eroded these atoms could be 
emitted. Next year we will measure surface composition of 
carbon and Mo plates to study more details about Fe and Cr 
deposition. At this moment, carbon sputter erosion was not 
seen clearly, but there should be some amount of carbon 
sputtered by plasma impact. We also observe carbon 
redeposition on Mo and SUS base plates to study short 
range migration.
Same as last year, we also hold the meeting to 
exchange information and discuss details and future works. 
Topics are (1) edge plasma and divertor experiments in 
LHD, (2) PWI studies using unique plasma devices (Plasma 
gun, a PID plasma device), (3) presentation and discussion 
of ITPA meetings and ITER-STAC meeting. (4) status of  
divertor engineering design of ITER and DEMO, (5) 
tungsten plasma facing materials study, (6) plasma 
spectroscopy. Many participants attended and discussed 
intensively about these issues. This opportunity is very 
valuable for fusion plasma and engineering community and 
we continue to hold this meeting in the next year.
  
  
  
The GAMMA 10 tandem mirror, equipped with various 
heating system such as radio-frequency wave, microwave 
and neutral injection systems, produces high temperature 
plasmas comparable to the SOL parameter of tokamaks. It is 
a promising approach to study the plasma-wall interactions 
in divertor regions in tokamaks by utilizing the high heat-
flux of ions and electrons in the linear device. However, 
little is known about the edge plasma behavior in the linear 
device. In the present work, a material probe positioned in 
the end-mirror region of GAMMA 10 has been exposed to 
hydrogen discharges with various plasma parameters to 
examine the plasma-material interaction in GAMMA 10, by 
the quantitative analysis of the deposited layer and retained 
hydrogen, oxygen, and other metal impurities, as well as 
irradiation induced damages.
The samples used as the material probe were mainly SiC 
and W single crystals. The SiC plates were commercially 
available 6H-SiC single crystals. The W disks were cut from 
single crystal rods prepared by the floating zone melting 
method. The sample holder made of Mo was attached on a 
transfer rod, which can be adjusted to locate at 0.3 m from 
the end of the mirror exit. The irradiation was performed in 
hot-ion-mode plasmas with 10~40 shots of a typical pulse 
with 0.4 sec, varying parameters of ion energy (150-350 eV). 
After the plasma irradiation, each sample was analyzed by 
Rutherford backscattering spectrometry (RBS) and by the 
elastic recoil detection (ERD) methods for deposited metal 
impurities and retained hydrogen atoms in the surface layer 
of it, using a 1.7 MeV tandem accelerator. The RBS analysis 
combined with a channeling condition was also performed 
to evaluate the plasma induced damage profiles in the 
crystals. The H and O ion implantation to the samples prior 
to the plasma exposure was also performed to study the pre-
damaged effects on the hydrogen retention. 
After the plasma irradiation, an oxide layer consisting of 
Fe, Cr, Ni, Mo and W was formed on the SiC crystal. The 
the hydrogen was retained in both the oxide layer and the 
substrate. The integrated number of the metal elements and 
hydrogen was estimated to be the order of 1019~1020 m-2 and 
1021 m-2, respectively. On the irradiated SiC sample, colored 
area was clearly visible as concentric circles. According to 
the ion beam analysis sweeping across the diameter of the 
irradiated area with an interval of 1mm, the integrated 
amount of the deposited metal atoms showed a maximum at 
the center of the circle and decreased toward the edge as 
shown in Fig. 1. On the other hand, relatively flat 
distribution was found in the whole irradiated area for 
displaced Si atoms, and even higher at the edge where little
deposited metal atoms was observed.   
Fig. 1. The irradiated spot on SiC crystal (upper). the 
amount of the deposited metal atoms and displaced Si atoms 
obtained by RBS scanning across the diameter of the 
circular area of the irradiated SiC surface. 
Fig. 2. The deposition of metal, H retention and damage 
plotted as a function of the number of discharges with 0.4 s.
The areal density of the deposited metal atoms and 
retained H atoms saturated and slightly diminished after 10 
shots of 0.4 s discharges as shown in Fig. 2. The decrease of 
the oxide layer is attributed to the reductive reaction. The 
incident hydrogen ions were totally stopped in the deposited 
layer whose thickness was comparable to the projected 
ranges of them. On the contrary, the number of damaged Si 
atoms increased up to 15 shots. When the deposited layer 
reduced, incident hydrogen reached to the SiC substrate 
over again, creating displacements. The hydrogen retention 
was strongly enhanced in W crystals when the pre-damaged 
layer was formed in the near surface. The pre-damaged 
layer far beyond the ranges of the plasma ions did not 
influence the trapping behavior of the hydrogen in both W 
and SiC crystals. 
0 1 2 3 4 5 6 7 8 9
0
500
1000
1500
Si--displaced
Fe, Cr, Ni
deposited
㻌
㻌
B
ac
ks
ca
tte
rin
g 
yi
el
d
position
0 5 10 15
0
1
2
3
4
0
1
2
3
4
Fe
H
Si
Mo
W
H
 retention, Si displacem
ents (10 21m
-2)
A
re
al
 d
en
si
ty
 o
f d
ep
os
ite
d 
at
om
s (
10
20
m
-2
)
Shots
513
§14. Surface Analysis of Nuclear Fusion 
Materials Irradiated by GAMMA 10 Plasma
Nagata, S., Yaegashi, T., Ishikawa, Y., Zhao, M., 
Shikama, T. (Tohoku Univ.),  
Nakashima, Y., Sakamoto, M., Hosoi, K., Takada, H., 
Ichimura, K., Iwamoto, M., Hosoda, Y. (Univ. Tsukuba)
